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EXPLANATORY NOTE

Presentation Version

This report consists of reproductions of the slides
comprising the presentation given at the Third ICRPG/AIAA
Solid Propulsion Conference in Atlantic City, New Jersey
on June 4-6, 1968. As such it does not include the verbal
explanations that accompanied the slides. No manuscript
was prepared for the Conference, but it is hoped that,
despite its terseness, this document will serve as a use-
ful summary of the material presented at the Conference.
Work on this topic is still continuing and a later re- OW
port will include revisions of these results along with
new results.
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This paper includes:

1. A critical examination of previous theories of extin-

guishment and reasons for a new approach.

2. A new theory of non-steady burning based on the KTSS
flame model for an AP composite propellant.

3. Predictions of the time variation of burning rate,
surface temperature, and flame temperature during rapid
depressurizat ion:

a) Extinguishment case.

b) Non-extinguishment case.

4. Predictions of the effects of oxidizer loading and
aluminum content on the difficulty of extinguishment.

S. Comparison of the predictions with experimental re-
sults of Ciepluch and others.
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Previous theories of extinguishment:

Von Elbe ARC 1963, 1966

Paul Aerojet 1964
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N. Ryan, Donaldson, Baer,
P. Ryan and Mantyla Utah 1966, 1967

Horton, Bruno and Graesser BYU 1967, 1968
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1968
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ENERGY EQUATION FOR GAS PHASE

d2T dr
+ rf~ ?pc ax+,Q

dx

o ~(p) [I expf-ppr 2 Qf/#(p)l] -

fA() A

4,



z; 7- -7 --- -

EVALUATION OF (t(p) AT STEADY STATE

= ___ -exp qp P(F) 'QfI46(p)I
qg

= SF [c~ -7 Tv) -s

r apn

P) -p ~
[1-expf- Pp(apfli 2 Qf/ o(p)j]
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ENERGY EQUATION FOR SOLID PHASE

=r(t) Cj

where r(t) =A exp(-E /RT)

B. C.

Ic)

T(x,0) =(Ts, 0  T.) exp(-xro/oc

--o
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LUMINOSITY

100% IRECOVERY

LUMINOSITY
RECORD

547
PSIA

LMINIMUM LUMINOSITY

VENT CHAMBER COMBUSTION:. / op PRESSURE CONTINUED
.OPENS PESR

COMBUSTION
EXTINGUISHED

PSIA
~~~~~~LI o I .! ---- -

-.03 -.02 -.OJ 0 .01 .02 .03 .04 .05 .08
TIME FROM OPENING OF VENT. SECONDS

Typical luminosity and chamber pressure transient -4

records during rapid pressure decay

Taken from Ciepluch, ARS J.
Nov. 1961 (His Figure 2)
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In conclusion we have shown that:

1. A theory based on the KTSS dynamic flame model (surface
heat release plus granular diffusion flame) predicts
qualitatively the observed extinguishment behavior.

2. An aluminized propellant is more difficult to extinguish

than a non-aluminized one having the same AP binder
ratio.

3. The low pressure part of the depressurization transient
is the most critical in determining whether extinction
will occur.

4. To improve the predictions, the theory will have to in-
corporate a more exact description of the entire burn-
ing rate curve.
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